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(54) System and method for controlling antenna downtiK/uptilt in a wireless communication 
network 



(57) The wireless communication system includes 
antennas having electrically controllable downtilt angles 
and downtilt controllers associated with each antenna. 
The downtilt controllers receive instructions from a main 
controller, and adjust the downtilt angles of the associ- 
ated antennas in accordance with the received instruc- 
tions. 
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Description 

Field Of The Invention 

10001] Tlie present invention relates to a wireless 
communication system and method for controlling 
antenna downtilt/uptilt. 

Description Of Related Art 

[0002] Conventional wireless communication sys- 
tems include a plurality of cell sites, each having a base 
station sending and receiving signals over one or more 
associated antennas or antenna modules. The antenna 
module usually includes at least one receive and one 
transmit antenna, but could use a single antenna for 
both the transmit and receive functions. The radiation 
pattern (particularly, the main lobe) of. for example, a 
transmitting antenna at a cell site may be tilted from a 
horizontal reference of the antenna by a certain angle. 
This angle is referred to as the downtilt angle of the 
antenna, and Is measured to be positive from the hori- 
zontal reference of the antenna towards the ground. 
Accordingly, an antenna with a downtilt angle of 10 
degrees tilts towards the ground more than an antenna 
with a downtilt angle of 5 degrees. 
[0003] Each antenna has a coverage area, which is 
a geographic area in which a mobile terminal will com- 
municate with a base station associated with the 
antenna. The extent of an antenna's coverage area is 
affected by its downtilt angle and the downtilt angles of 
surrounding, but not necessarily adjacent, antennas. 
[0004] Conventionally, the downtilt angles of the 
antennas in wireless communication systems are set at 
the time of system installation according to predeter- 
mined downtilt angles. Installation workers climb up 
each antenna tower or support (e.g., a building), sup- 
porting antennas in the system, and manually fix the 
downtilt angle of each antenna according to the prede- 
termined values. If the downtilt angle needs to be 
changed after the network installation, the worker has to 
once again climb up the antenna tower to manually 
adjust the downtilt angle of the antenna. While it may be 
practical to make adjustments of the wireless communi- 
cation system in this manner to small portions of the 
system, making adjustments is cumbersome, time con- 
suming, costly and potentially dangerous since it 
requires a worker to go up the antenna tower and adjust 
the downtilt angle of the antenna. The difficulty, cost and 
complexity, however, increases as the number of anten- 
nas requiring downtilt angle changes increases. Also, it 
is impractical to make downtilt angle adjustments based 
on short term events, such as changes in the time of 
day (e.g., mobile terminal traffic in a coverage area for a 
business complex will be greater during business 
hours), and most long term events (e.g., a change in 
seasons wherein foliage affects signal-to-noise ratio). 
[0005] Because the downtilt angles of antennas in a 



wireless communication system directly effect the qual- 
ity of system performance, a demand exists for a sim- 
ple, easy and cost effective manner in which to change 
the downtilt angles of the antennas in a wireless com- 

5 munication system to improve system performance. 
Typically, operators monitor the quality ot their system 
by taking operational measurements indicative thereof. 
These operational measurements include, but are not 
limited to. co-channel interference (i.e., interference 

w between two signals using the same channel fre- 
quency), signal-to-noise plus interference ratios within 
coverage areas, bit error rates within coverage areas, 
call blocking rates (e.g.. the ratio of (1) the number of 
mobile terminals in a coverage area having their call 

15 requests denied by the base station because of insuffi- 
cient resources at the base station which are dedicated 
to (2) the antenna module for that coverage area to the 
number of mobile terminals requesting calls in the cov- 
erage area) within coverage areas, etc. For example, 

20 signal strength interference measurements between 
two coverage areas can indicate an amount by which 
signals transmitted by adjacent antennas overlap; and 
therefore, provide an indicator as to the quality of hand- 
offs between coverage areas for these adjacent anten- 

25 nas. As another example, high call block rates can indi- 
cate unacceptable levels at which customers (i.e.. 
mobile terminal users) are denied service and/or an 
overload condition. Typically, when the call blocking rate 
or other measure of load on a base station is greater 

30 than a predetermined threshold, the base station serv- 
ing that coverage area or the coverage area itself is said 
to be overloaded 

[0006] Some of the operational measurements are 
made by one or more test receivers at known measure- 

35 ment locations within the wireless communication sys- 
tem, and making the operational measurements using 
the test receiver. Other operational measurements, 
such as call blocking rates, are made as part of system 
operation. The changes in operational measurements 

40 over time may reflect changes within the coverage area 
such as a population increase, addition of a new struc- 
ture (e.g., a building), etc that affect the quality of sys- 
tem performance. Based on the operational 
measurements, changes may be made to the wireless 

45 communication system to improve the quality of system 
performance. 

[0007] For instance, when a problem, such as poor 
coverage (e.g., low signal-to-noise ratio for signals 
received in a coverage area), is indicated by the opera- 

50 tional measurements, the signal strength of signals 
transmitted by the antenna for the problem coverage 
area may be changed and the signal strength of signal 
transmitted by one or more antennas for coverage areas 
adjacent thereto may be changed until the operational 

55 measurements show acceptable coverage. 

[0008] A demand, however, exists for greater free- 
dom in addressing quality of system performance con- 
cerns. Namely, a demand exists for improved, 
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alternative or additional methods o1 addressing quality 
of system performance concerns. A simple, easy, and 
cost effective manner of adjusting the downtilt angles of 
antennas in a wireless communication system would 
facilitate meeting such demands. 

Summary Of The Invention 

[0009] The present invention provides a wireless 
communication system including antennas having elec- 
trically controllable downtilt angles and downtilt control- 
lers associated with each antenna. The downtilt 
controllers receive instructions from a main controller, 
and adjust the downtilt angles of the associated anten- 
nas in accordance with the received instructions. From 
the main controller, an operator can effect changes that 
vary from system wide changes in the downtilt angles of 
the antennas in the system to changes in the downtilt 
angle of a single antenna. From the base station asso- 
ciated with an antenna, an operator on the ground can 
effect changes in the downtilt angle of the associated 
antenna. Making changes in the downtilt angle, whether 
from the base station or the main controller, using the 
present invention avoids the costly and dangerous proc- 
ess of climbing a tower or other support structure to 
manually adjust the antenna's downtilt angle. 
[0010] Because the process of changing downtilt 
angles is so simple with the present invention, the 
present invention allows adaptive control of the downtilt 
angles to address issues of quality in the system, such 
as hand-off quality (e.g.. signal overlap), denial of serv- 
ice (e.g., load), co-channel interference, signal-to-noise 
plus interference ratios, bit error rate, etc. even during 
system performance. Furthermore, the system accord- 
ing to the present invention allows automating the proc- 
ess or portions of the process for addressing these 
quality issues. 

Brief Description Of The Drawings 

[001 1 ] The present invention will become more fully 
understood from the detailed description given herein- 
below and the accompanying drawings which are given 
by way of illustration only, wherein like reference numer- 
als designate like parts in the various drawings, and 
wherein: 

Fig. 1 shows a wireless communication system 
according to the present invention; 

Fig. 2 shows a diagram of a cell site In the system 
of Fig. 1; 

Fig, 3 shows a block diagram of a receiving antenna 
module used in the system in Fig. 1 ; and 

Fig. 4 shows a block diagram of a transmitting 
antenna module used in the system in Fig. 1 . 



Detailed Description Of The Preferred Embodi- 
ments 

[0012] Initially the structure of the wireless commu- 
5 nicalion system according to the present invention will 
be described with respect to Figs. 1-4. Afterwards, the 
operation of the wireless communication system 
according to the present invention will be described in 
detail with reference to Figs. 1-4. An exemplary appllca- 
10 tion of the wireless communication system according to 
the present invention will then follow. 

WIRELESS COMMUNICATION SYSTEM 

15 [0013] Fig. 1 illustrates a wireless communication 
system according to the present invention. As shown, a 
plurality of cells Cell 1 , Cell 2, ... each Include a cell site 
CS1, CS2, .. . respectively. A mobile switching center 
(MSC) 200 communicates with each cell site CS1 , CS2, 
20 ... and a local exchange network 6. The local exchange 
network 6 represents networks over which voice and/or 
data are communicated such as the Public Switched 
Telephone Network, the Integrated Service Digital Net- 
work, the internet, other internet protocol network, etc. 
25 The MSC 200 is any well-known MSC except for the 
addition of a main downtilt control unit (MDGU) 202. 
However, the MDCU 202 does not need to form part of 
the MSC 200. and instead, can be formed separately 
and even be located remotely from the MSC 200. The 
30 MDCU 202 is a data processing system programmed to 
operate as described in detail below, and, which when 
formed as part of the MSC 200. utilizes the memory and 
user interfaces supplied by the MSC 200. When pro- 
vided separately from the MSC 200, the MDCU 202 
35 includes a user interface, memory, and an interface for 
interfacing with the MSC 200. 

[0014] Fig. 2 shows an exemplary block diagram of 
each cell site CS1. CS2, ... in the wireless communica- 
tion system according to the present invention. As 

40 Shown therein, each cell site CS1, CS2, ... includes at 
least one electrically controllable antenna module 100. 
a support unit 102, a base station BS, and at least one 
downtilt controller DC. The controllable antenna module 
100 is mounted on the support unit 102. The l^ase sta- 

45 tion BS communicates radio frequency (RF) signals to 
and from the antenna module 100. and communicates 
with the MSC 200. The downtilt controller DC communi- 
cates with the base station and the MSC 200 (more par- 
ticularly, the MDCU 202), and controls thedowntilt angle 

50 of the antenna module 100. The antenna module 100 
includes one or more electrically controllable transmit- 
ting and/or receiving antennas. Such controllable anten- 
nas can be any type, such as an electrically controlled 
phased array antennas, motorized mechanically con- 

55 trolled phased array antennas, motorized mechanically 
downtiltable antennas, etc. These antennas can be con- 
figured as omni-directional antennas (azimuth angle of 
360 degrees), three-sector antennas (azimuth angle of 
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120 degrees), six-sector antennas (azimuth angle of 60 
degrees), or any other multi-sector antenna. 
[0015] If a multi-sector antenna system is used in 
each cell site CS1, CS2,.... each cell site CS1. CS2,... 
has an antenna module 100 and an associated downtilt 
controller DC corresponding to each sector. For exam- 
ple, each three-sector antenna system of a cell employs 
three antenna modules, each with its own coverage 
area, and three downtilt controllers DCs. A single base 
station BS still communicates RF signals to and from 
the antenna modules 100. but the resources of the base 
station BS are divided among the three antenna mod- 
ules 100. 

[0016] The support unit 102 can be an antenna 
tower or any other support unit known in the art for sup- 
porting the antenna module 100 above the ground. The 
base station BS is known in the art for transmitting, 
receiving, and monitoring wireless communications, 
e.g.. mobile phone calls, paging messages, etc., 
through the antenna module 100 
[001 7J Fig. 3 shows a block diagram of a controlla- 
ble receiving antenna module 100a, which may be used 
as the antenna module 100 in Fig. 2. according to the 
present invention. The antenna module 100a is a volt- 
age controllable phased array antenna. 
[0018] As shown in Fig. 3, the receiving antenna 
module 100a includes a plurality of antenna elements 
20i-20n, a plurality of filters 22i-22n connected to the 
antenna elements 20i-20n a plurality of preamplifiers 
24r24n connected to the filters 22r22n. a plurality of 
phase shifters 26i-26n connected to the preamplifiers 
24^ -24^, a combiner 28 connected to the phase shifters 
26i-26n, and a phase shift controller 29 connected to 
the phase shifters 26i-26n. 

[0019] The antenna elements 20r20n receive RF 
signals from external sources, e.g.. a mobile terminal. 
The filters 22r22n filter the RF signals received by the 
antenna elements 20i-20n and the preamplifiers 24^- 
24n amplify the filtered RF signals. The phases of the 
RF signals output from the preamplifiers 24^-24p are 
shifted by the phase shifters 26i-26n. The combiner 28 
combines the outputs of the phase shifters 26i-26n and 
outputs the combined signal to a receiver, e.g., the base 
station BS. The phase shift controller 29 receives a con- 
trol signal from the downtilt controller DC indicating the 
desired downtilt angle or desired change in the downtilt 
angle, and outputs corresponding control signals to 
control the phases of the phase shifters 26i-26n. 
Namely, in this phased array antenna module 100a, the 
downtilt angle of the antenna module 100a is changed 
by varying the phases of the phase shifters 26i-26n to 
achieve the desired downtilt angle or desired change in 
the downtilt angle. 

[0020] Fig. 4 shows an exemplary block diagram of 
a controllable transmitting antenna module 100b, which 
may be used as the antenna module 100 in Fig. 2. 
according to the present invention. The antenna module 
100b is a voltage controllable phasied array antenna. 
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[0021] As shown Fig. 4, the transmitting antenna 
module 100b includes a plurality of antenna elements 
30i-30n. a plurality of filters 32i-32n connected to the 
antenna elements 30i-30n, a plurality of power amplifi- 

5 ers 34i-34n connected to the filters 32i-32n, a plurality 
of phase shifters 36i-36n connected to the power ampli- 
fiers 34i-34fi, a splitter 38 connected to the phase shift- 
ers 36i-36n, and a phase shift controller 39 connected 
to the phase shifters 361-36^. Signals from a transmitter 

w (e g . the base station BS) are split into a plurality of 
transmitting signals by the splitter 38. The phase of 
each transmitting signal is shifted by a corresponding 
phase shifter 36i -SGp, and amplified by a corresponding 
power amplifier 34i-34n. The filters 32i-32n filter the 

/ 5 outputs of the power amplifiers 34 , -34p, and the signals 
output from the filters 32r32n are transmitted by the 
antenna elements 30 i-SOp. The phase shift controller 
39 receives a control signal from the downtilt controller 
DC indicating the desired downtih angle or desired 

20 change in the downtilt angle, and controls the phases of 
the phase shifters 36i-36n based on thereon. 
[0022] Various modifications to both the receiving 
and transmitting antenna modules 100a ar>d 100b are 
possible. For instance, with respect to the transmitting 

25 antenna module 100b, the plurality of power amplifiers 
36r36n could be replaced by a single power amplifier 
disposed before the splitter 38. 
[0023] The transmitting and receiving antenna 
modules 100a and 100b in Figs. 3 and 4 can be substi- 

30 tuted or used in conjunction with any other type of 
antenna module to form the antenna module 100 in Fig. 
2 according to the present invention. Furthermore, the 
transmitting and receiving antenna modules 100a and 
100b may be integrated into one antenna module as 

35 known in the art. such that the antenna module 1 00 can 
be a transmitting antenna module, a receiving antenna 
module, or a transmitting and receiving antenna mod- 
ule. 

40 OPERATION OF THE WIRELESS COMIVIUNICATION 
SYSTEM 

[0024] The operation of the wireless communica- 
tion system according to the present invention will now 

45 be described. When an operator at the fvlSC 200 enters 
a desired downtilt angle or desired change in the down- 
tilt for an antenna module 100, the MDCU 202 outputs a 
control signal to the downtilt controller DC for the 
antenna module 100. The control signal supplies the 

50 downtilt controller DC with the desired downtilt angle or 
desired change in the downtilt angle. In response to the 
received control signal, the downtilt controller DC gen- 
erates and outputs a control signal to the antenna mod- 
ule 100 so that the desired downtilt angle or desired 

55 change in downtilt angle is achieved by the antenna 
module 100. In this manner, an operator located at MSC 
200 can remotely control the downtilt angle of an 
antenna module 100. 
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[0025] However, the operation of the wireless com- 
munication system is not limited to downtilt control orig- 
inating from the MSG 200, controlling the downtilt of a 
single antenna module 100, or operator intervention in 
the downtilt control operation 
[0026] Instead of controlling the downtilt from the 
MSG 200, an operator at a base station BS enters a 
desired downtilt anglie or change in downtilt angle for an 
antenna module 100 associated with the base station 
BS. This information is supplied by the base station BS 
to the downtilt controller DC for the antenna module 
100, and in response to this information, the downtilt 
controller DC generates and outputs a control signal to 
the antenna module 100 so that the desired downtilt 
angle or desired change in downtilt angle is achieved by 
the antenna module 100. Accordingly, downtilt control 
from both the MSG 200 and the base station BS elimi- 
nates the need to perform the costly and dangerous 
process of climbing the tower supporting the antenna 
module 100 in order to adjust the downtilt of the antenna 
module 100. 

[0027] Instead of controlling the downtilt angle of a 
single antenna, an operator at the I^SC 200 enters the 
desired downtilt angles or desired changes in downtilt 
angles for as many antenna modules 100 as desired. 
The MDCU 202 then outputs control signals to the 
downtilt controllers DCs for the antenna modules 100. 
Each control signal received by a downtilt controller DC 
indicates the desired downtilt angle or change in down- 
tilt angle for the antenna module 100 associated there- 
with. Accordingly, the downtilt controllers DCs pedorm 
downtilt control of the antenna modules 100 in the same 
manner as discussed above. As a result, an operator at 
the MSG 200 can effect substantially simultaneous 
changes in the downtilt angles of multiple antenna mod- 
ules 100. Therefore, making system wide changes to 
the downtilt angles of the antennas modules 100 in the 
wireless communication system according to the 
present invention is simple and easy. 
[0028] The wireless communication system accord- 
ing to the present invention can be used to simply and 
easily set the downtilt angles of the antenna modules 
100 during installation. However, the system according 
to the present invention also simplifies making changes 
to the downtilt angles of the antenna modules 100 as 
part of a system quality improvement effort to improve 
the call hand-off process, denial of service, etc. As was 
described in the BackgrourxJ of the Invention section, 
operational measurements, such as co-channel interfer- 
ence, signal-to-noise plus interference ratios within a 
coverage area, bit error rates within a coverage area 
and signal strength measurements between two cover- 
age areas, indicative of system quality are typically 
made using a test receiver, and improvements in these 
operational measurements are obtained through trial 
and error. According to the present invention, the down- 
tilt angle of one or more antenna modules 100 may be 
changed and operational measurements taken after 



each change until the operational measurements indi- 
cate acceptable levels of quality. 
[0029] Furthermore, the present invention allows 
these processes to become automated; thus eliminating 

5 operator involvement. Namely, in one embodiment, the 
MDCU 202 is programmed to make timed changes in 
the downtilt angles to compensate for time dependent 
changes in load (e.g., change of seasons or commuting 
times). As a result, overload or unacceptable levels of 

10 service denial can be avoided. In another embodiment, 
the MDCU 202 receives operational measurements 
from the f^SC 200, and is programmed to determine the 
downtilt angles of antenna modules 100 according any 
known or future developed method for determining 

15 downtilt angles based on operational measurements 
such as call blocking rates. Using the determined down- 
tilt angles, the MDCU 202 then outputs control signals 
to the appropriate downtilt controllers DCs. Accordingly, 
the wireless communication system according to this 

20 embodiment permits adaptive downtilt control based on 
even short term events. Next, an application of this 
embodiment of the wireless communication system will 
be described in detail. 

25 APPLICATION OF WIRELESS COMMUNICATION 
SYSTEM TO AVOID OVERLOAD IN AN AUTOMATED 
MANNER 

[0030] As discussed previously, each antenna mod- 

30 ule 1 00 has a coverage area dependent upon its down- 
tilt angle. The larger the coverage area, the more nx)bile 
terminals that may be located within the coverage area 
requiring the limited resources of the base station BS 
dedicated to the coverage area of the antenna module 

35 100. When the resources of the base station BS are 
exceeded by the demand for those resources, the base 
station BS and/or the coverage area is said to be over- 
loaded. Numerous criteria exist for measuring the load 
on a base station BS or coverage area to judge whether 

40 the base station BS and/or coverage area is over- 
loaded- For the purposes of discussion, the remaining 
description will use the call blocking rate as the criterion 
for measuring load, but the present invention in not lim- 
ited to use of this criterion. The call blocking rate may 

45 also be defined in several ways, but again, for the pur- 
pose of discussion, the call blocking rate as used in this 
description is the ratio of (1) the number of mobile termi- 
nals in a coverage area having their call requests 
denied by the base station because of insufficient 

50 resources at the base station which are dedicated to the 
antenna module for that coverage area to (2) the 
number of mobile terminals requesting calls in the cov- 
erage area. 

[0031] When the call blocking rate exceeds a first 
55 predetermined threshold value, the base station BS is 
considered to be overloaded. The call blocking rate as 
the measure of load has been chosen because existing 
conventional MSCs measure the call blocking rates for 
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each coverage area of the base stations associated 
therewith, and supply the MSG with the measured call 
blocking rates. Accordingly, how the call blocking rates 
are determined will not be described. 
[0032] The present invention provides a simple and 
easy way to handle both long term and short term 
events, such as load increases during peak commuting 
times. For example, when a base station is in the over- 
loaded state, the MDCU 202 determines which cover- 
age areas adjacent to the coverage area of the 
overloaded base station are available to handle the 
overload. For example, if the call blocking rate of a base 
station serving an adjacent coverage area is less than a 
second predetermined threshold, which is lower than 
the first predetermined threshold, the base station and 
adjacent coverage area are available. 
[0033] The system according to the present inven- 
tion then permits the MDCU 202 to easily reduce the 
coverage area served by the overloaded base station by 
increasing the downtilt angle of the antenna module for 
that coverage area and/or increase one or more availa- 
ble coverage areas served by the available base sta- 
tions by decreasing the downtilt angles of the antenna 
modules for the available coverage areas. This shifts the 
boundary between the coverage area of the overloaded 
base station and the coverage areas adjacent thereto to 
transfer load from the overloaded base station. 
[0034] While the adaptive and automated control 
application of the present invention has been described 
with respect to eliminating overload and thus reducing 
denial of service, the present invention also applies to 
improving other aspect of a wireless communication 
system such as the quality of hand-offs. 
[0035] The wireless communication system accord- 
ing to the present invention is applicable to any system 
such as a time-division multiple access system, a code 
division multiple access system, an analog system, etc. 

Claims 

1 . A wireless communication system, comprising: 



control signal to said first downtilt controller; 
and wherein 

said downtilt controller controls said downtilt 
5 angle of said first antenna in response to said 

control signal from said base station: 

4. The system of claim 1 . wherein said first antenna 
and said first downtilt controller form part of a first 

w cell site. 

5. The system of claim 1 , further comprising: 

a second antenna having an electrically con- 
15 trollable downtilt angle; 

a second downtilt controller outputting a control 
signal to said second antenna to control said 
downtilt angle of said second antenna. 

20 

6. The system of claim 5, further comprising: 

a main controller outputting a main control sig- 
nal to at least one of said first downtilt controller 
25 and said second downtilt controller to adjust a 

relationship between said first and second 
antennas. 

7. The system of claim 6, wherein said main controller 
30 generates and outputs said main control signal 

based on at least one operational measurement of 
said wireless communication system. 

8. The system of claim. 7, wherein said operational 
35 measurement is at least one of load, signal strength 

of signals received from said first and second 
antennas, interference between signals received 
from said first and second antennas, a signal-to- 
noise ratio of signals received said first antenna, 
40 and a bit error rate of signals received from said first 
antenna. 



a first antenna having an electrically controlla- 
ble downtilt angle; 

45 

a first downtilt controller outputting a control 
signal to said first antenna to control said 
downtilt angle of said first antenna. 

2. The system of claim 1 , wherein said control signals so 
indicate one of a desired downtilt angle for said first 
antenna and a desired change in said downtilt 
angle of said first antenna. 

3. The system of claim 1 . further comprising: 55 

a base station transmitting and receiving sig- 
nals via said first antenna, and outputting a 



9. The system of claim 8, wherein the wireless com- 
munication system is one of a time-division multiple 
access system, a code-division multiple access 
system and an analog system. 

1 0. The system of claim 6, wherein said main controller 
generates and outputs said main control signal 
t>ased on user input. 

1 1 . The system of claim 6, wherein said relationship is 
co-channel interference between signals received 
from said first and second antennas. 

12. The system of claim 6, wherein said relationship is 
a boundary between coverage areas of said first 
and second antennas. 
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13. The system of claim 6. wherein said relationship is 
an amount by which signals received from said first 
antenna overlap signals received from said second 
antenna. 

14. The system of claim 6, wherein said relationship is 
respective loads on said first and second antennas. 

15. The system of claim 1, wherein the wireless com- 
munication system is one of a time-division multiple 
access system, a code-division multiple access 
system and an analog system. 

16. A wireless communication system, comprising: 

a plurality of cell sites, each cell site including 
an antenna having an electrically controllable 
downtill angle and an associated downtilt con- 
troller controlling a downtilt angle of said asso- 
ciated antenna; 

a main controller outputting a control signal to 
at least one downtilt controller to adjust said 
downtilt angle of said associated antenna. 

17. The system of claim 16. wherein said main control- 
ler outputs control signals to adjust said downtilt 
angles of more than one antenna at the same time. 

18. The system of claim 16. wherein said main control- 
ler generates and outputs said main control signals 
based on at least one operational measurement of 
said wireless communication system. 

19. The system of claim 18, wherein said operational 
measurement is at least one of load, signal strength 
of signals received from two of said antennas, irrter- 
ference between signals received from said first 
and second antennas, a signal-to-noise ratio of sig- 
nals received from one of said antennas, and a bit 
error rate of signals received from one of said 
antennas. 

20. A wireless communication system, comprising; 

a primary cell site including a primary antenna 
having an electrically controllable downtilt 
angle and a primary downtilt controller control- 
ling said downtilt angle of said primary 
antenna, said primary antenna having a pri- 
mary coverage area based on said downtilt 
angle thereof; 

at least one secondary cell site including a sec- 
ondary antenna having an electrically control- 
lable downtilt angle and a secondary downtilt 
controller controlling said downtilt angle of said 
secondary antenna, said secondary antenna 



having a secondary coverage area based on 
said downtilt angle thereof, said secondary 
coverage area being adjacent to said primary 
coverage area; and 

a main controller determining whether said pri-. 
mary coverage area is overloaded, and output- 
ting control signals to at least one of said 
primary and secondary downtilt controllers to 
10 adjust a boundary between said primary and 

secondary coverage areas by respectively 
. changing said downtilt angle of at least one of 
said primary and secondary antennas when 
said primary coverage area is overloaded. 

J5 • . 

21. The system of claim 20. wherein said main control- 
ler determines said primary coverage area is over- 
loaded by monitoring a primary load on said 
primary coverage area, and determining when said 

20 primary load exceeds a first predetermined thresh- 
old. 

22. The system of claim 20. wherein said main control- 
ler monitors secondary load on said secondary cov- 

25 erage area, and outputs said control signals based 
on said secondary load on said secondary cover- 
age area when said primary coverage area is over- 
loaded. 

30 23. The system of claim 22. wherein said main control- 
ler determines whether said secondary coverage 
area is available to handle additional load based on 
said secondary load, and outputs said control sig- 
nals to adjust said boundary between said second- 

35 ary coverage area and said primary coverage area 
when said primary coverage area is overloaded 
and said secondary coverage area is available. 

24. The system of claim 23. wherein said main control- 
40 ler determines said secondary coverage area is 

available when said secondary load is less than a 
second predetermined threshold. 

25. The system of claim 20. wherein said main control- 
's ler outputs control signals to said primary downtilt 

controller to increase said downtilt angle of said pri- 
mary antenna when said primary coverage area is 
overloaded. 

50 26. The system of claim 25, wherein said main control- 
ler outputs control signals to said secondary down- 
tilt controller to decrease said downtilt angle of said 
second antenna when said primary coverage area 
is overloaded. 
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